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Introduction
Cables and cable suspended structures have a wide range of practical applications in both the civil and electrical engineering industries. In practical applications, the force method is an ideal analysis tool when dealing with this type of pre-stressed structures. The prominent cable theory developed by Irvine [1] describes the in-plane nonlinear response of a suspended single-span elastic cable with small sag and subjected to simple loadings (point load or uniformly distributed load). The single-span cable model reduces to a governing equation in terms of tension component in chord direction. Thus only one unknown appears in the model. The transmission line system is another typical cable structure, multi-span cables ( Fig. 1) , where transmission towers are assumed as rigid supporters; insulators are considered as ideal pendulums. Most current study is based on finite element (FE) theory. However, for complex loading cases with combination of in-plane and out-of-plane loadings, cables deform into three-dimensional curves, where a quantity of pre-stressed link elements or curved cable elements are usually required. This paper addresses a practical static analysis method for transmission line systems. Similar to the single-span cable model, a single-degree-of-freedom model is developed for analysing the static response of the multi-span cables based on force method (FM) theory.
Force method model for multi-span cable system
The equilibrium equations for i-th span cable (Fig. 2 ) in x, y, z directions may be expressed as [1] q ( 
Where T i is the tension in the cable; H i is the horizontal component of T i ; l i is the i-th span distance; f i,y1 , f i,y2 , f i,z1 , f i,z2 are reaction forces; q yi , q zi are distributed loadings in y, z directions; x i is chord direction of i-th cable; y i and z i are curvature equation of the deformed cable. Solutions to equations (1b) and (1c) are
Reaction forces may be expressed as
Thus the loadings transferred to the i-th (i=2, 3, …, n) insulator (Fig. 3 ) may be expressed as Considering small rotational displacement at the insulator, the displacements at i-th cable end may be expressed as Equation (9) is the nonlinear governing equation for the transmission line system in terms of only one unknown H. The first term on the right side of equal mark is cable deformation due to lateral movement of supports, while the second term is the curvature deformation. Generally, an iterative solving procedure is required here.
Numerical simulation
Consider a three-span transmission line system with the following parameters [2] : l=800m, l 1 =200m, l 2 =400m, l 3 =200m, m=2.3kg/m, EA=53 000 000N, Based on Eq. (4b) and (4c), loadings transferred to the mid-supports 2 and 3 are F y =1.2kN, F z =9.6 kN. According to (5b), the lateral displacements are V 2 =V 3 =0.15m. Based on Eq. (9), the horizontal tension components are H =49 515 N with horizontal displacements U 2 =-U 3 =0.009m. Based on Eq. (5a), the unbalanced force between H 1 and H 2 is 72 N, which means that the assumption of H i =H=const in Eq. (9) causes an error within 0.15%. The change of H due to the lateral support movement is less tan 7.5N (the first term on the right side of equal mark in Eq. 9). It is negligible too when compared with the curvature deformation and temperature change.
Summary
In this paper, a multi-span cable model is proposed for analysing the static response of transmission line systems. The governing equation is developed in terms of only one unknown, the tension component in chord direction. This equation has been named the force method equation (FME). Cable tension in the equation is composed of four parts: initial cable tension, tension increment due to support movements, tension increment due to curvature change and tension increment due to temperature change. Because transmission lines are usually as long as several hundred meters, the lateral support movement does not cause large deformation in the cable system and is negligible for cable tension calculation.
